This retrospective cohort study sought to assess the effectiveness of comprehensive geriatric assessment (CGA) for older patients at an HIV clinic in a large US city. We systematically reviewed medical records of all patients who underwent CGA from June 2013 to July 2017. In addition, physicians and social workers completed an anonymous survey about the impact of CGA on their patients. For the 76 patients (median age 67.2; Q1, Q3 ¼ 60.9, 72.6) seen by geriatricians at the clinic, there were 184 recommendations, 54 instances of counseling, and 11 direct actions. Overall adherence to recommendations was 32.8%, 34.9% for patient-directed, and 31.7% for provider-directed recommendations. No demographic or CGA variables were associated with adherence. Despite this lack of adherence, surveyed providers reported that they usually or always followed recommendations; the most frequently cited barrier to implementation was lack of feasibility. Further research will be needed to determine how CGA can improve outcomes for this population.
Introduction
The advent of effective antiretroviral therapy has dramatically increased the life span of people living with HIV infection. 1 As a consequence, the population of individuals with HIV is aging. According to the Centers for Disease Control and Prevention, in 2015 approximately 47% of those living with HIV infection in the United States were at least 50 years of age, 2 and a study predicts that by 2020 this percentage will rise to 70%. 3 Older people with HIV (OPH) have a higher risk of age-related comorbidities such as cardiovascular disease, type 2 diabetes mellitus, fractures, and impaired kidney function compared to HIV-uninfected individuals of the same age. 4 In addition, they have higher rates of multimorbidity, 5, 6 low bone density, 7 frailty, functional impairment, 8 and geriatric (age-related) syndromes 9 than their HIV-uninfected counterparts. The OPH have high rates of depression, 10 loneliness, 11 and social isolation, 12 as well as increased levels of neurocognitive disorders 13 and low rates of advance care planning. 14 Research on the clinical care of OPH is limited, however, and although geriatric care has been proposed, [15] [16] [17] there is no consensus regarding the role of geriatric specialists and the comprehensive geriatric assessment (CGA) in the care of older patients with HIV. 18 Comprehensive geriatric assessment, the complete evaluation of a patient over multiple health, medical, and psychosocial domains, has not been formally studied in people living with HIV; CGA has been shown to have utility in other geriatric populations seen by subspecialists such as oncologists, however. One recent large meta-analysis found that CGAs may influence 21% to 49% of treatment decisions for older patients with cancer. 19 Some individual studies show an even greater impact; CGA results influenced disease management decisions for 82% of patients in a study of 161 older patients with cancer. 20 Comprehensive geriatric assessment has also enabled the detection of new clinically significant findings. For example, in a study, vision loss was newly detected in 18% and hearing impairment and depression newly detected in over 70% of older patients undergoing CGA. 21 Furthermore, longterm outcomes have been shown to be affected by the CGA. One recent meta-analysis of 22 CGA-related studies showed that, among adults admitted to the hospital, those who undergo CGA were more likely to be alive at 12-month follow-up compared to those who did not undergo CGA. 22 Geriatric programs and syndromes are gaining attention as adults with HIV age. 18 Our geriatric HIV clinical program offers the opportunity to study the impact of CGA in a unique, long-standing, integrated, multidisciplinary HIV clinic. This study had 2 components: The first was to describe the recommendation patterns that arose from the CGA in a population of HIV-infected older adults, and to assess the adherence to recommendations during a 6-month follow-up. The second component of the study was a survey of clinic provider impressions of the value of geriatric consultation.
Methods

Setting
The HIV clinic at the New York-Presbyterian Hospital-Weill Cornell Medical Center (Center for Special Studies) follows approximately 2800 HIV-infected adults at 2 locations in New York City. All patients are followed by a designated HIV specialist (infectious diseases or internal medicine physician) and a social worker. Full-time psychiatrists and dieticians are also available at both locations.
As part of a program for people aging with HIV, a geriatrician has been consulting on patients onsite at the clinic since 2013; foundation support for 2½ years starting in 2015 enabled the addition of a second geriatrician along with other nonclinical offerings such as an arts program. HIV providers preferred an opt-in program with no fixed criteria such as age for referral. Instead, members of the patients' primary care teams make geriatric referrals based on perceived need (such as cognitive or functional complaints), and consultations take place once a week during clinic sessions. Each consultation includes a CGA, 22 comprised of a thorough review of each patient's physical and mental health, as well as their daily functioning and strength of social support systems. Several validated scales are used in each patient's CGA. The geriatrician writes a full consultation note (including the CGA results) in the electronic medical record and presents the case during the team's afternoon rounds. Patients can opt to follow up with the geriatrician, and most are seen longitudinally every 6 to 12 months. This study examines only the results of the initial CGA.
Study Design
This study was a retrospective cohort study, conducted via chart review. All HIV-infected patients treated at the clinic who were seen at least once by a staff geriatrician between June 2013 and July 2017 were included in the study.
We abstracted demographic and clinical data from the first geriatric consultation visit that included a CGA. This included age, sex, race/ethnicity, HIV risk factors, marital status, insurance status (Medicaid versus non-Medicaid insurance), date of HIV diagnosis, and most recent HIV viral load. Measures from the CGA included standard, validated assessment tools: the Patient Health Questionnaire 4 (PHQ-4) depression/anxiety scales, 23 Montreal Cognitive Assessment (MoCA), 24 Gérontopôle Frailty Screening Tool, 25 Veterans Aging Cohort Study (VACS) mortality score, 26 as well as generic quality-of-life questions about health, pain, and function. The list of the items used in the clinic's CGA is provided in Appendix.
Interventions during this initial visit were divided into 3 categories: (1) recommendations, (2) provision of information/counseling, or (3) direct action taken during the visit. Because direct actions (such as making a phone call for a patient) and counseling (eg, about aging or emotional responses to retirement) did not require a response and could not be assessed via chart review, only recommendations were evaluated to assess effectiveness of the CGA.
Recommendations were further divided into patient-or physician-directed recommendations, based on prior study models by Reuben et al. 27 All interventions were then subdivided into the following categories: (1) medications, (2) screening/diagnostic test, (3) procedure, (4) referral/followup, (5) psychosocial intervention, (6) exercise and nutrition, (7) behavioral health and substance use, and (8) recommendation for home services. Examples of common recommendation types are provided in Table 1 .
Adherence to recommendations was defined as chart evidence of fulfillment of the recommendation within 6 months following the date of the CGA. Two independent investigators, other than the geriatrician who performed the clinical assessment, reviewed each patient chart, including physician, social worker, and nutritionist visit notes; medication, laboratory, and
What Do We Already Know about This Topic?
The population with HIV is aging, and clinical programs are applying geriatric concepts to their care.
How Does Your Research Contribute to the Field? radiology/procedure notes; and documentation of telephone encounters.
Any differences in coding of recommendations were discussed and reconciled to ensure consistency in categorizing interventions and determining adherence to recommendations. Provider-directed recommendations were considered "fulfilled" if the recommended event actually happened-for example, if the geriatrician recommended that the primary care provider order an echocardiogram for a patient, the recommendation would only be considered fulfilled if there was evidence in the chart that an echocardiogram was actually completed. The act of simply ordering the test would not constitute fulfillment of a provider-directed recommendation.
For the purposes of analysis, we examined both patientdirected adherence and provider-directed adherence as a whole and at the patient level. At the patient level, adherence was defined as following at least 1 patient-or provider-directed recommendation. Continuous data are summarized as median (first quartile, third quartile) with the inclusion of the overall range if appropriate. Pearson w 2 and Wilcoxon rank-sum tests assessed for comparison in the following variables based on whether or not a patient was "adherent": sex, age, HIV viral load (dichotomized as <200 copies/mL versus 200 copies/ mL), recipient of Medicaid, HIV risk factor (dichotomized as men who have sex with men versus other), MoCA score (dichotomized as <26 versus 26), Gérontopôle frailty assessment, PHQ-4 depression and anxiety scores, and VACS 5-year mortality risk. Additionally, the relationship between the total number of recommendations per patient and adherence rates was assessed by scatter plot and Spearman correlation. Data were analyzed using Stata (StataCorp 2011, Stata Statistical Software: Release 12; StataCorp LP). A P value of less than .05 was considered statistically significant; no adjustments were made for multiple comparisons.
Provider Survey
Provider survey study data were collected and managed using the Research Electronic Data Capture electronic data capture system hosted at Weill Cornell Medical College. 28 Full-time clinic social workers and physicians were eligible for the survey portion of the study. The medical director of the clinic emailed a description of the survey to potential participants (10 HIV specialists, 4 psychiatrists, and 10 social workers) using institutional review board (IRB)-approved language, along with a link to the survey.
Consenting participants first completed a form that contained questions about their clinical role, sex, ethnicity, and age. Next, the participant was taken to a survey about geriatric consultation that was analyzed separately from the demographic information in order to preserve participant anonymity. The survey included questions about the number of referrals, length of time employed at the clinic, likelihood of referring, usefulness of the consultations, and barriers to implementation of recommendations. Most questions used a multiple-choice format, with options to write in explanations (eg, reasons why recommendations were not followed other than those listed).
Ethical Approval and Informed Consent
The retrospective study protocol was approved by the IRB of Weill Cornell Medical College (IRB 1505016187), and the requirement for informed consent was waived because the study was felt to have minimal risk to participants and the research team performing the chart reviews did not have contact with the study participants. The provider questionnaire aspect of the study was approved separately by the same board (IRB 1412015778), which permitted participants to implicitly grant consent by agreeing to complete the survey after reading the key elements of informed consent that were included in a recruitment email.
Results
Comprehensive Geriatric Assessment
Geriatricians evaluated 76 patients whose median age was 67.2 years (Q1, Q3 ¼ 60.9, 72.6; range 50.0-84.2) at the time of evaluation (see Table 2 ). Fifty-two (68.4%) patients were male, 31 (40.8%) were African American, 26 (34.2%) were white, and 17 (22.4%) were Latino/a. Median time since HIV diagnosis was 21.5 years (Q1, Q3 ¼ 17.7, 25.1). In terms of risk factors for HIV acquisition, 41 patients (53.9%) were men who have sex with men, 12 (15.8%) reported injection drug use, and 19 (25%) reported heterosexual sex as their only risk factor. Forty-three (56.6%) patients reported that they lived alone, and 49 (64.5%) used Medicaid as their primary insurance. Of 73 patients with available HIV viral load data, 66 (90.4%) had values <200 copies/mL, of whom 51 were below the level of detection (<20 copies/mL).
The median PHQ-4 depression subscore was 1 (Q1, Q3 ¼ 0, 3; range, 0-6). The median PHQ-4 anxiety subscore was 0.5 (Q1, Q3 ¼ 0, 4; range, 0-6). The median MoCA score was 23 (Q1, Q3 ¼ 18, 26; range, 6-30). The median VACS 5-year mortality risk was 22% (Q1, Q3 ¼ 11.9, 38; range, 3.7-75.8). Initial consultation for the 76 patients resulted in several different types of consultant behaviors. These were classified as direct actions (n ¼ 11), counseling/provision of information (n ¼ 54), and distinct recommendations (n ¼ 63 patientdirected recommendations and n ¼ 120 provider-directed recommendations, or 183 in total). Only the recommendations outcomes were analyzed. Table 1 gives examples of the different classes of recommendations.
Geriatricians made at least 1 recommendation for 67 (88.5%) patients, of which 38 (50.0%) patients received at least 1 patient-directed recommendation, and 57 (75.0%) patients received at least 1 provider-directed recommendation (Figure 1 ). The median number of patient-directed recommendations per patient was 0.5 (Q1, Q3 ¼ 0, 1; range, 0-5) and the median number of provider-directed recommendations was 1 (Q1, Q3 ¼ 0.75, 3; range, 0-6). The median number of total recommendations per patient was 2 (Q1, Q3 ¼ 1, 3; range, 0-7). Overall, 22 (34.9%) of 63 patient-directed recommendations and 38 (31.7%) of 120 provider-directed recommendations were fulfilled (Table 3) .
Of the 67 patients who received at least 1 patient-or provider-specific recommendation, there was adherence to at least 1 recommendation in 40 (59.7%). Median total adherence was 33.3% (Q1, Q3 ¼ 0%, 66.7%; range, 0%-100%; Figure 2 ). Of the 38 patients who received at least 1 patient-directed recommendation, 20 (52.6%) were adherent to at least 1 recommendation ( Figure 2 ). Median adherence was 33.3% (Q1, Q3 ¼ 0%, 100%; range 0%-100%). Of 57 patients for whom at least 1 provider-directed recommendation was made, 29 (50.9%) followed at least 1 recommendation ( Figure 2 ). Median adherence was 16.7% (Q1, Q3 ¼ 0%, 66.7%; range 0%-100%). The most common subcategories were medicationrelated (37.2% of total recommendations), referrals (19.1% of total recommendations), and screening/diagnostic tests (15.3% of total recommendations).
We compared specific variables in patients stratified by adherence to at least 1 recommendation (versus adherence to 0 recommendations). We found no relationship between the following variables and adherence to at least 1 recommendation: sex (P ¼ .41), age (P ¼ .34), viral load <200 copies/mL (P ¼ .18), Medicaid usage (P ¼ .41), HIV risk factor (P ¼ .45), MoCA less than 26 (P ¼ .21), frailty (P ¼ .59), depression subscore (P ¼ .73), anxiety subscore (P ¼ .13), and VACS mortality risk (P ¼ .45). Additionally, total number of recommendations was not correlated with percentage adherence (Spearman r ¼ 0.044; P ¼ .72).
Survey
Altogether, 21 people started the provider survey. Two participants filled out the demographic form but did not proceed to 
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Provider-directed recommendaƟons Figure 1 . Number of patient-directed and provider-directed recommendations per patient. the survey about the geriatric program; their demographic information was not included. Data from 10 physicians (6/10 HIV specialists and 4/4 psychiatrists) and 9 (of 10) social workers were analyzed. Two physicians declined to provide their sex or ethnic group (1 listed their age as 80). Median age of physicians was 57.5 (range, 37-80) and that of the social workers was 38 (range, 27-66). Reanalyzing the data without the ages of those who did not give other demographic data did not change the median age. Table 4 summarizes provider responses to geriatric consultation. Of note, both social workers and physicians identified recommendations (to themselves, others on the team and patients) as a major focus of the consultation; all but 1 in each group said that they implemented recommendations either usually or always.
The most common reason for not following recommendations was that they were not feasible. Neither group felt that the number of recommendations was a major barrier to implementation, an impression confirmed by the chart review. Social workers appeared to be more concerned than physicians about cognition and social supports as barriers to implementation, but given the small number of participants, no test of statistical significance was performed.
Discussion
This study examines the recommendation patterns based on CGA in OPH. Overall, approximately one-third of all recommendations based on the CGA results were fulfilled, which is somewhat lower than adherence reported in the literature; for example, a study in the general population reported rates of adherence approaching 80% in older patients. 27 In our study, for approximately half of the 67 patients who received recommendations, there was adherence to at least 1 recommendation overall; this proportion remained consistent when analyzing patient-and provider-directed recommendations separately. Of note, there were no apparent demographic or CGA-related differences in patients with adherence to 0 versus 1 or more recommendations. Sex, age, HIV viral load, Medicaid usage, HIV risk factors, MoCA score, frailty status, depression score, anxiety score, and VACS mortality risk were not significantly different between these groups, possibly due to small sample size. Additionally, there was no relationship between adherence rates and the number of recommendations per patient; this is in contrast to prior studies which found that there was a negative correlation between number of providerdirected recommendations and adherence. 27, 29 Comparison of chart review and survey data elicited some contradictions. Clinicians responded that they valued the geriatric assessments for their recommendations and felt that they followed through with recommendations. Objectively, however, this was not the case. Social workers uniformly felt the geriatric assessments were valuable; although most physicians scored the assessments positively, they were not unanimous in their support.
There are a number of reasons that might explain why CGA was less successful for OPH in our study than for published data on the general population. As consultants, geriatricians could not control the outcomes. This was no doubt a contributor, but as much of the CGA literature describes consultation, it cannot completely explain this study's lower success rates. There may have been differences in patient characteristics, in the quality of the CGA, or in the methodology such as documentation or operational definitions of adherence. It is possible that the patient population needed time to develop trust in providers, and a new consultant may not have had much influence, or that the problems identified by the geriatricians required a longer time to solve.
This was a young population by geriatric standards and it is likely that CGA requires translation to a new population that is aging differently. A recent editorial announced, "Geriatric-HIV Medicine is born," 15 but it is having some growing pains. Our understanding of the HIV-aging phenomenon has evolved from a recognition of the changing demographics, to the documentation of multimorbidity and aging-related syndromes, to the recognition that geriatric principles can inform the care of the growing population of older patients living with HIV at all levels-from ambulatory to long-term care. 30 This study offers evidence to suggest that traditional geriatric care is unlikely to achieve maximum success if duplicated directly into the care of OPH. Rather, geriatric care is likely to require some adaptation if it is to be successful. We are using these data to explore such adaptations with clinic staff.
Limitations
One major limitation of this study is that it was conducted via retrospective chart review. Determining adherence to recommendations was therefore limited by provider documentation; if explicit evidence of fulfillment was not present in the chart, the recommended intervention was considered to have never occurred, leading to possible underestimation of adherence. Furthermore, we conservatively required documentation that diagnostic tests, for example, were actually completed rather than just ordered by a clinician. In the future, prospective studies of this type may be useful to more accurately determine adherence to both patient-and provider-directed recommendations.
Additionally, although this study serves as a comprehensive analysis of the nature of recommendations and adherence to these recommendations, clinicians rarely documented in the electronic health record the reasons for not adhering to recommendations. Furthermore, there was no control group to compare patient outcomes such as mortality or quality of life. We are unable to conclude how CGA ultimately affects patient outcomes.
Conclusion
In this retrospective cohort study and survey, we found that CGA of patients cared for in a large US city HIV clinic resulted in diverse recommendations for which documentation of adherence was present in the medical record less than one-third of the time, even though most clinicians perceived that the recommendations were being followed and found value in the consultations. Further studies are needed to determine (1) the true rates of adherence to recommendations, using prospective data and comprehensive documentation methods; (2) the reasons for patient and provider nonadherence; (3) effective adaptations of CGA to meet the needs of OPH; and (4) the impact of CGA-whether those cases reviewed within the CGA paradigm when compared to non-CGA cases have better clinical outcomes.
Basic and Instrumental Activities of Daily Living (including continence, falls) VACS (calculated ahead of time) 26 PHQ-4 23 (depression, anxiety) Frailty screen (Gérontopôle) 25 Strength (handgrip) MoCA 24 Questions about quality of life and pain Impact of hearing, visual impairment FRAX (calculated ahead of time) (https://www.sheffield.ac. uk/FRAX) Physical exam, including observing gait Scales are part of the medical record
